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(71) We, THE BRITISH PETROLEUM 
COMPANY LIMITED, of Britannic House, 
Moor lane, London E.G2Y 9BU a British 
ocMUpany, da hereby dedare the invention for 
yMAi we pray chat a patent may be granted 
to us, and the method by vi^hich it is to be 
performed to be partiailariy described in and 
by the foUovring statement: — 

This invention relates to the pnxluction of 
reducing gases the active components of 
which consist essentially of hydrogen and car- 
bon monoxide. 

The production of gases containing hydro- 
gen ana carbon monoxide is a well established 
industry. The main processes using hydro- 
carbon feedstods are catatytic steam reform- 
ing and partial oxidation. The former, cs the 
name suggests, reacts the hydrocarbons with 
steam and the product contains excess steam 
as well as carbon dioxide. Partial oxidation, 
which is usually a non-catalytic process, re- 
acts the hydrocarbons mainly with oxygen. 
Although die product usually contains less 
steam and carbon dioxide, some is nonnzlly 
present and in addition it contains fine par- 
ddes of carbon. For some purposes steam, 
caibon dioxide and carbon can be toknited, 
but for other purposes;, discussed in more 
detail hereaftser, tScir presence is a severe 
disadvantage. 

Catalytic partial oxidation processes liave 
been proposed for the production of gases 
consisting essentially of hydrogen and carbon 
monoxide. However catalytic partial oxida- 
tion processes so far operated to produce 
such gases have been small, ineffident and 
expensive, shicc it has been the practice to 
supply the cndothennic heat requirement ex- 
ternally to the metal catalyst tubes which 
are barely suitable at the temperature re- 
quired. 

In US Patent No. 2,039,603 it has been 
proposed that heat should be supplied by 
preheating the air to 800— 1000°C. This 
solution, however, produces problems in its 
turn because pre-mixing of the hydrocarbon 
feedstock with this preheated air may lead to 
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decomposition of the hydrocarbon and de- 
position of carbon US Patent No. 2,039,603, 
therefore, requires tfiat the air-hydrogen mix- 50 
ture is passed from the point of mixing into 
im'ual contact with the catalytic mass at a 
vdodty at least suSdent to prevent flam<^ 
and then reducing the velodty as it flows In 
contaa with the catalytic mass. 55 

The present invention is based on further 
studies on the neccssasy conditions for suc- 
cessful operation when the heat is supplied 
by preheating the air. 

Acconiing to the present invention there- 60 
fore a process for the catdytic partial oxida- 
tion of hydrccarboHS -rrliica comprises con- 
tacting a light hydrocarbon fraction widi an 
oxygen-containing gts in the presence of a 
rtfonnlng catslyst under conditions of tem- 65 
percture end hydrocarbon :o::ygen mole ratio 
such that the active coniponents of the pro- 
duct gas consist essentially cf hydrogen and 
carbon moncxide;, as hereinafter defined, and 
in y7hidi the heat to the reaction is supplied 70 
entirely by heating the reactants and prc- 
dominandy by pre-hesting the oxygen-con- 
tairung gas, is characterised in diat the time 
between the contacting (rf the reactants and 
their entry into the catalyst bed is from 5 75 
to 30 milliseconds and that mixing of the 
reactants is effeccsd within that time, pre- 
ferably by giving them a component of vdo- 
dty at right an^es to the direction of flow 
dirough the catalyst bed 80 

The term li^ hydrocarbon fraction means 
a fraction containing from Q to C, hydro- 
carbons and die hydrocarbons are preferably 
saturated hydrocarbons. 

The lower die number of carbon atoms in 85 
the hydrocarbon the less is the risk of de- 
composition and carbon formation and the 
preferred f«dstock contains one or more 
Ci to Ci hydrocarbons. Feedstodcs may thus 
be light petroleum fractions, natural gas or 90 
otfier hydrocarbon-containing gases e.g. high 
flame speed gases sudi as coke oven gas. 

Existing processes usually produce gases 
containing at least 6% volume of st^am and 
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carbon dioxide and the tcnn **consisting 
essentially of hydrogen and carbon mon- 
oxide** means a gas containing more than 
94% volume of these gases, preferably at 

^ least 97%. Where, as is prcfened, the 
oxy^:cn-conialning gas is not pure oxygen but 
is air, the product gas will contain an appre- 
ciable amount of nitrogen. Since nitrogen is 
an inert gas for the present purposes, the 

*^ above definition exdudes nitrogen axid is 
based on the active components only. 

In addition to the regulation of the con- 
taa time, it is also important to ensure good 
muting of the reaaants within die time 
allowed. Most preferably the reactants arc 
dvcn in horizontal component of velocity 
by injecting ifaem tangentiaHy into an inlet 
chamber. The injection may be through one 
or more ports in the diamber, and both rc- 
^ actants arc preferably injected throuch the 
same port, eg. by having a nozzle for the 
hydrogen projecting into die pipe for supply- 
ing the oxygen-cont^ning gas, preferably at 

ben 

The inlet diamber is preferably oi the same 
diameter as the catalyst bed. 

A part of the heat may be supplied by prc- 
heating the hydrocarbon feedstock but the 
^ amoimt that can be supplied in this way is 
limited bv the risk of cracking the hydro- 
carbons. Preferably pre-heating of the hydro* 
carbons is limited to temperatures of 400^C 
. maximum. 

Conversion of the hydrocarbon substan- 
tially only to hydrogen and carbon monoxide, 
for example according to the equation, 

2QH,+30^=6CO+8H. 

is possible provided the temperature is suffi- 
^ dendy high and the hydrocarbon: oxygen 
ratio is kept near to the molecular ratios 
shown. The available oxj'pen content of any 
oxidising gases present in the feedstock would 
be included in the oxygen available for the 
reaction, e.g. half of the oxygen content of 
carbon dioxide would be considered available. 
Preferably the outlet temperature is in the 
range 800 to 1200^0 more particularly in the 
_ range 900 to llOO^C Too low a tempenmirc 
50 tends to promote CO^ KJO and CH* for- 
mation; too high a temperature is uneco- 
nomic. Similarly too low a hydrocarbon: oxy- 
gen ratio produces OOj and H^O while too 
high a ratio will be wasteful. The reaction 
55 may be monitored by dther a CX)^, H..O or 
CH, analyser in the product stream and the 
temperature and/or quantity of oxygen fed 
adjusted k neoessaiy. Since the heat to the 
reactants is supplied predominantly by pre- 
60 heating the oxygen containing gas, only this 
stream needs to be controlled to ensure that 
substantially only hydrogen and carbon mon- 
oxide are produced. 



The oxygen containing gas is preferably air, 
Ais being less expensive than oxygen alone. 65 
The preferred pressures arc in the range 1 to 
7 bars abs<rfute and die preferred linear velo- 
city of die oxygen-containing gas in the inlet 
pipe IS 300 to 800 ft/sec. 

Any known type of hydrocarbon reforming 70 
catalyst may be used, provided it is capable of 
witi^landing die operating conditions used. 
Sudi catalysts commonly comprise an iron 
group metal, particularly nickel, on a refrac- 
tory support also possibly contaim'ng one or 75 
more known promotors, e.g. alkali metals, 
aUcalme earth metals, or uranium whose main 
object IS to suppress carbon foiroadon. Thus 
the support may be, for examole «-sIum:na, 
sihca, an alumino-silicaie, magnesia, or a pro- 80 
pnetary support currendy used in steam re- 
fotxning. 

The preferred catalyst formulation range is 
as fdlows: — 



Nickd 
Uranium 
Barium 
Potassium 



3—15 % vn. 

0— 10 % wt. 

^^1.7 % wc 

0--0.5 % wt. 



85 



Tolermoc of iron group metal catalysts to 
sulphur increases widi tcmpcrauirc and will 90 
be greater than at, for example, the conven- 
tional steam rdorming temperatures of 800^C 
or less. Preferably, however, the feedstocks 
arc low in sulphur compounds, for example, 
less than 30 ppm by wdght of sulphur. 95 

The reacdon is exothermic, rdeasin^ in the 
case of propane in the equation above^ 
approximatdy 51 kUocalones/moIe of pro- 
pane at 25°C so that die reactants pre-heat 
temperature will be less than the reaction 100 
temperature. With no external heating the 
reactor can have a rcfraaory lining^ and 
operate adiabadcally and the amount of pre- 
heat required can readily be determined by 
experiment or calculation. Preferably the 105 
oxygen-contaim'ng gas is pre-heated to a tem- 
perature widiin the range 700 to HOO^'C, 
particularly 800 to 1000°C 

In thc^ case a preferred fixed-bed re- 
actor, this may operate with down, radial, 110 
or up-€ow. Since the prderred catalysts given 
above are regcncrable, fixed beds of catalyst 
can be operated on a swing-reactor system 
with two or more beds in parallel, one or 
more <tf the beds being regenerated if this 115 
becomes necessary while the other or others 
are on stream and vice versa. Any carbon 
formed wiiich may be deposited on the 
catalj^t can dius be burnt off widi an oxygen 
containing gas in the absence of the hydrx>- 120 
carbon feedstock. Alternatively a fluidiztd bed 
of catalyst can be used with or without re- 
cyde between the reaaor and regenerator. 

The size of the catalyst psniclcc will 
depend on whether a fixed or fluidiz-d bed Is 125 
used being preferably 15 to 30 mm diameter 
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for fixed beds and 02 to 2.0 mm diameter 
for fluidized beds. Space vdodtics may be in 
tiie range 5000 to 15000 stp volumes of pro- 
duct gas per hour per volume of catalyst: As 
indicated above the hydrocarbon and oxygen- 
containing gas are prrferably fed in at 
approximately the stoichiometric quantitks 
for conversion only to hydrogen and carboa 
monoxide. The space velocities <^ the re- 
actants can thus be readily calculated as indi- 
cated above for any given feedstock and 
oxygen-containing gas. 

The product gas may be used for any 
known purpose but it is paiticulady stdt2d>le 
for the reduction of ores, particularly irwi 
ore^ cither in the upper part of a blast fur- 
naoe or in a specialised iron ore reduction 
plant eg. one operating widi a fluidized bed 
of iron ore partides. Sudi reduction processes 
require temperatures of 550^C or higher and 
at such. Cemperatures carbon dioxide and 
steam act as oxidising gases. Even small 
amounts of these gases will thus nullify to 
an unde^rable extent the reducing power 
the hydrogen and carbon monoxide;. Partides 
of carbon in the gas are also undearable since 
diese will not be converted to oxides of car- 
bon under the reducing conditions. With, 
existing processes and qualities of gas it is, 
of course, possiWe to remove the carbon 
dioxide, steam, and carbon by cooling and 
washinsj but this is obviously uneconomical, 
particularly so \diere the gas is to be used at 
high temperature. 

The present invention therefore indudes a 
process for the reduction of ores, particularly 
iron ore, comprising contacting a ligjit hydro- 
carbon fraction with an oxygen-containing gas 
in the presence of reforming catalyst as pre- 
viously described and thereaiFter passing said 
gas widiout substantial cooling or removal 
of contaminants to the ore reduction step. 

The invention is illustrated with reference 
to die accompanying drawing which is a flow 
diagram of a catalytic partial oxid£±ion unit 
operated according to the present invention. 

In the drawing a hydrocarbon feedstodc 
storage tank 1 has an oudet pipe 19. In this 
line are filter 20, and pump 2 and coimected 
with it are a purq> pressure control system 
3 and static pressure rdief system 4. A pre^ 
sure gauge is shown at 5 aiKi a hydrocarbon 
flow ccmtrol valve and monitor at 6. The 
hydrocarbon flows througji line 19 through 
valve 18a to an upflow &ed bed reformer 9 
having an inlet chamber 8. The reformer will 
be described in more detaE hereafter. 

Air is drawn in through line 21 and com- 
pressor 11. A portion of this air may flow 
as cold air and through line 22 and control 
valve 17 to the reformer 9. Another portion 
is preheated by passing througji valve 23 into 
heater 12. This may be a pebble heater or 
Cowper stove heated by supplying fud 
dirough Hne 15 and air through line 14 to 



a burner (not shown). The waste gases are 
vented througji Imc 13. A second heater 12a 
indicated by the dotted lines would be used 
m paralld to ensure a continuous supply of 
hot air. Hot air flows throu^ line 16 to 70 
mix with cdd air in the required propor- 
tions for the tBrr^>eratuie required and enters 
the reformer 9 via valve 18b which is linked 
with the hydrocarbon inlet valve 18a. A third 
linked valve 18c is used to supply nicrogea 75 
&om line 7 to purge the ccf ocmer 9. 

In the event of a planned or ui^)laimed 
dosure of die feedstock valve, die nittogen 
purge would remove the feedstock down- 
stream of the feedstodc valve 18a in cider 80 
Co prevent thermal cracking wiiich may pro- 
duce dqx>sits in the reformer 9. 

Inlet chamber 8 is a swid chamber having 
a tangential inlet for the hot air and a hydn>- 
caibon injection nozzle projecting into it at 85 
the point of entry into the chamber. TTie 
nozzle has a ^ray ang^e of 45°. 

The reforming catalyst is supported by a 
gild (not shown) and ptxxluct gas is widi- 
drawn through Ime 18. 90 

In a ^>edfic example propane was used as 
the hydrocarbon feedstock in die plant des- 
cribed above under the fdlowing conditions. 

Catalyst Bed: 

lit diaX5ft: depdi 95 
Swirl chamber: 

1ft diaX2i indies d^th 
Inlet to chamber: 

ly inches diameter 
Catalyst: 100 

5% nickd and 2% uranium oxide on 
or-AIjOj 
Reactants: 

180 lbs/hour propane, nil prdicat 

8 lbs/hour steam at 912°C 105 
10,800 ft? stop air/hour at PU^C 

9 milLiseconds time between initial coa- 
tacting and entering catdyst bed 

Product Gas: 

18900 fe stp/hour 110 
4700 ft» stp/ft^ catalyst/hour 
890°C 
4 p.s.Lg. 



Product Gas Analyas 
Hydrogen: ^ 
Carbc»k monoxide j 
Nitcogea 
Methane 
Steam 

Carboa dioxide 
Non-gaseous products 



mot 



% 
54.6 

44.6 
0.1 
0.6 
0,1 

Trace 



115 



120 



Produa Gas Yidd: 

89.7 Thenns/100 therms pioccss feed. 

WHAT WE CLAIM IS:— 
^ 1. A process for (he catalytic partial oxid^ 
tion of hydrocarbons comprising contacting a 125 
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light hydnxrarbon fraction with an oxygen- 
containing gas in the presence of a teform- 
ing catalyst under condidons of temperature 
and hydrocarbon: oxygen mole ratio such that 
the acnve components of the produa gas con- 
si^ csscnaafly of hydrogen and carbon mon- 
oxid^ as herembeforc dcBncd, and supplying 



outirt temperature is wirfiin the range 800 
to I200°C; preferably 900 to 1100^ 

%^_P^^^^^ as daimod in any of claims 1 40 
to 7 wherein the catalytic partial oxidation 
pressure is 1 to 7 bars absolute. 

A process as daimcd in any of daims 
the heat to"the^«;iiioT^^;dT^^ L^L f"^^^ the reforming catalyst com- 

the reactants and prcdonSSj by ES ^ I? ^^ {^"^ ^ ^^^'^ 6«>"P ^ 

oxy^^nt^^ ^'Sl,^^'^ particularly md^d, on a refractory su^ 

mat the time between the conucting of the 10 A ««v^ t • ^ • 
reactants and thdr entry into the^dyS £d 1 to 9 J£^t^ "^^r.of daims 

l« frrxrr. < 3 A -.:fiT^^l^_^ . ^iMysc ocQ ^^J^^^'^ oxygcn-cotttaining gas is 
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vdoaty at nght angles to ifac diicction of flow 
through the catalyst bed. 

2. A process as daimed in daim 1 herein 
the light hydrocarbon fraction conasts of 
Q — C, saturated hydrocarbons, 

3. A process as claimed in daim 1 or 2 
^acm the produa gas contains at least 
y/ /o volume of hydrogen and carbon mon- 
oxide. 

jccting them taoEcntiallv 



)amng them tangcntially into an inlet cham- 

5. A process as daimcd in claim 4 wherein 
the reactants arc injected dirough a port in 
^c chamber, both reactants being inicctcd 
through the same port. 

6. A process as daimed in daim 4 or 5 
wherein the inlet chamber is the same 
diameter as the catalyst bed. 

7. A process as claimed in any of daims 1 
6 wherein the catalytic partial oxidation 
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1 to 10 whercm the hydrocarbon feedstock 
IS not prdieatcd or is preheated to a tem- 
perature of not more than 400°C 

A process as daimed in any of daims 1 

is 5000 to 15000 stp volumcs/voW <J 
catalyst/hour. 

13. A process for the reduction of ores, 
pai^cularly iron ore, comprising forming a 
product gas consisting cssemiaUy of carbon 
monoxide and hydrogen by a process as 
claimed m any of daims 1 to 12 and passing 
said gas without substantial cooling or 
moval of contaminants to an ore reduction 
proccss- 

14. A process as daimcd in daim 1 sub- 
^UaDy as described with reference to the 
drawmg. 

J. WOOLARD, 
and 

H. L. EASTMAN, 
Agents for the Applicants. 
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1399137 COMPLETE SPECIFICATION 

1 SHEET ^'i'* <irawlng Is a reproducthn of 
the Original on a. reduced scale 




